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FHIG.6

La(OH); NPs
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FIG. 7
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FIG.8

MPS—-modified La(OH); NPs
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FHIG.9

APTES (surface modifier)

Transmittance a.u.

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm~)



U.S. Patent Jun. 13, 2023 Sheet 10 of 27 US 11,678,505 B2

FIG. 10

APTES-modified La(OH)3NPs
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FIG. 12
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FIG. 13

0

-5
g‘i
£ -10
)
= ~5.5%
= -15
= 'y

-20

APTES-modified La(OH);
_25 I ! l l [

I | | l I | I
100 200 300 400 500 600 700

Temperature(TC)



US 11,678,505 B2

Sheet 14 of 27

Jun. 13, 2023

S
D

.lI L = LE NN Y .l‘. L. L ELL N -l liii-..-. iil-. i...l -~ B
S iﬁ.ﬁ%ﬁ%ﬁ?& s

w o m%wﬁﬁ

S e h....ﬂ. " ._.-.u._. - u..\u_u.“_.“_.. .."_.-._.mn.?u.u_._.ﬂ_.\-._.n_.l.n. R |

"._..._. i ._.._._. e H_.._._"_. e R e |
.E._. .1 ._...._.._.u“..._. e ._“ .

IJII ﬂ‘ ‘IITI‘I- %- I || %II-I-““II-I I H- “ﬁ-I““l-“-HII | I l "” . : ”l o r . n . .-_-...“ -mﬁn

e : l H ﬁ' - l ﬁ' g L, . t-.”“.” lI"!I”..u
H-‘ %. I | ) % . - LN |

s «”..m%%... =2 mﬁ.ﬂ hh”mm.. . %uw....m.a %... S i

\..uw.-#r“.. .% .umm“am .._..? ey & .1.. . R

.a_...“ R +. = .a.u.“ ﬂﬁ ..E.,. e

= i .¥

&% '

:-."-.
. ':c_"-'
e

'-

.- -.“_._-l._- g atah e -“-l m._u..u.ﬂ_-_- l_.n..“_-u.l-_._._u.._-_.lnnlﬂ_-_.l._-_-

«“."." .3.“.“ ..". m. ..".“.“.“.“ %...“_...“.
= xxx.x.u.“. ..E." "..wm? e e

...u.

=2

I‘E-l

Sy
II:E.I |

_;%:-:-.-:-
‘h

"
:;;2 e

-.‘-:_

e

lm.l m-_.l -l--
-nL. l-“ -l -11- -1

".".
i ]
q.- .I.l

T
L-L.l. l-
e l-“- -

.1.
li -I-1II55 III

.1...1" e .._.._.._.“_._.ﬁu.".u._“_.“.“ e “+“_._..._..u...“.n.“+"." . ..
"l"-""L. . -- "y -l-h.“_-_.l -1-1_-_.l L_-f o
.:ﬁ% e %..w ..""nm.“u. S h"““.. s
r “M_.% ....E.......".H ".u.k_.“.....nu”__“_.m_. .._".n....n...__._..n.s_..,...._.«. m?mm.mwu." gt u.“ ﬁ.«..ha.. g
.-_il- || I -ul- || -Ll
..... s “".".ﬂ e .www.".". : ....bm i
e ._..“_...u._. ;...n..ﬂh s .“..a.n.n..n."." u.h."n.."_.._.. e . e .. .._.
l " t_“_-u- -im._- . -lm m..m-u-U.“ -l-l- l#“- e l“"ﬂ-
u .h.?....h e ._..“_.._._..?wu_.u .u.

S R A
G m..% ﬁ@%
..v - e

e R . .ﬁﬁ e %ﬁﬂﬁv 3

llllll o T "- ) L.._-.-I._“ m-u._- ﬂ-:ﬂl.-I“l- En

.l..._..\_..? s
:"..m.“"m."""“ e #mﬁw =
I-‘l m-m._"-I L--_-l.l ') " " ""-_.1-_- .

. I I

U.S. Patent

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr




US 11,678,505 B2

Sheet 15 of 27

Jun. 13, 2023

U.S. Patent

15

HIG.

s
.
-._.
]
‘

...-‘ I..

o .-.““%

e

LWL L

1.....-.-...u. ..

ﬂ.m...

\""mn.h .1_.._._..

ﬁ."""ﬂ"#"ﬁﬁ.mhﬁ.v&.".ﬁ.
R EEE
...




U.S. Patent Jun. 13, 2023 Sheet 16 of 27 US 11,678,505 B2

FlG. 16

"t kAR R EFA R A E R EFA R RA G RA R RGP RA Rt RA R A A E R EEA R R



U.S. Patent Jun. 13, 2023 Sheet 17 of 27 US 11,678,505 B2

FHIG. 17

- _____ . ______
g
4 b
-
S La(OH) 3
=
-
2
= Ref. (Owt%)
La(OH),; 1wt%
—-— La(OH); 2wt%
La(OH), 5wit%
O | l | ! | | |
400 500 600 700

Wavelength (nm)



U.S. Patent Jun. 13, 2023 Sheet 18 of 27 US 11,678,505 B2

FIG. 18

100 o

——— S — —
—
— e S R —
e E—
———
=

g
S
Sy
s .[ MPS-La(OH),
i:é:'-a
R Ref.(Owt%)
La(OH); 1wt%
—-— La(OH); 2wt%
La(OH); bwt%
0L . | . | . |
400 500 600 700

Wavelength (nm)



U.S. Patent Jun. 13, 2023 Sheet 19 of 27 US 11,678,505 B2

HIG. 19

ooe-____  ___________________
L
S
: .|  APTES-La(OH),
-
H
E ————— Ref.(0wt%)
La(OH), 1wt%
—-— La(OH); 2wt%
La(OH); 5wt%
o L . | . | . |
400 500 600 700

Wavelength (nm)



U.S. Patent Jun. 13, 2023 Sheet 20 of 27 US 11,678,505 B2

2mm
- - Cobalt chioride paper
|
|
|

/

Resin ——m IL\




U.S. Patent Jun. 13, 2023 Sheet 21 of 27 US 11,678,505 B2

FIG.21

1 100
- 90
- 80
- 70
- 60
- S0
- 40
- 30
-1 20
1 10




U.S. Patent

Jun. 13, 2023

Sheet 22 of 27

FIG.22

1 wt%

P Q\
/ / 43?:\\\
/(/ IR
b A D N
\ N\ L] //
NONL | T

\\ ]

100
90
80
/0
60
50
40
30
20
10

US 11,678,505 B2



U.S. Patent

Jun. 13, 2023

Sheet 23 of 27

FlG.25

/&

100
90
80
/0
60
50
40
30
20
10

US 11,678,505 B2



U.S. Patent Jun. 13, 2023 Sheet 24 of 27 US 11,678,505 B2

FHIG.24

100
- 90
- 80
1 /70
- 60
-1 50
- 40
- 30
- 20
- 10




U.S. Patent

Jun. 13, 2023

Sheet 25 of 27

1 wt%

/]

FIG.25

&

8 h\

NN

A

[/ s | NN\

VT

100
90
80
/0
60
50
40
30
20
10

US 11,678,505 B2



U.S. Patent Jun. 13, 2023 Sheet 26 of 27 US 11,678,505 B2

1 100
T 1 90
/ — 80

/’ 1 70
,{// 1 60
\\\ :50

e “
N S 1 30
\ - 20

1 10




U.S. Patent Jun. 13, 2023 Sheet 27 of 27 US 11,678,505 B2

FIG.27

100
1 90
- 680
- 70
- 60
- 50
- 40
- 30
1 20
- 10




US 11,678,505 B2

1

CURABLE COMPOSITION COMPRISING
HYGROSCOPIC PARTICLE AND DISPLAY
DEVICE COMPRISING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2019-0121696, filed on Oct. 1, 2019,

which 1s hereby incorporated by reference in 1ts entirety.

BACKGROUND
Field of the Disclosure

The present disclosure relates to a curable composition
and a display device.

Description of the Background

An organic electric device 1s a device including one or
more organic layers consisting of an organic material. The
organic e¢lectric device includes organic light emitting
diodes (OLEDs), organic solar cells, organic photoreceptors,
or organic transistors and the like.

The organic light emitting device may be included 1n a
display device. However, the organic layer included 1n the
organic light emitting device may be oxidized very easily by
outside materials such as moisture or oxygen. The display
device may include an encapsulation part to prevent the
outside materials such as the moisture or the oxygen from
penetrating the organic electric element.

As s result, an excellent hygroscopicity and optical per-
formance are required 1n the encapsulation part for protect-
ing the organic electric element from the outside matenals
such as the moisture or the oxygen.

SUMMARY

Accordingly, the present disclosure 1s to provide a curable
composition capable of forming an encapsulation part excel-
lent in hygroscopicity and optical performance.

In addition, the present disclosure provides a display
device including an encapsulation part having excellent
hygroscopicity and optical performance.

Further, the present disclosure provides a curable com-
position comprising a hygroscopic particle and a photocur-
able monomer.

The hygroscopic particle comprises a metal core com-
prising a rare earth metal and a silane surface modification
part connected to the metal core.

The metal core may comprise a hydroxide of the rare earth
metal.

The silane surface modification part may by formed by
dehydration condensation reaction between a silane cou-
pling agent and the rare earth metal.

A diameter of the hygroscopic particles may be 1 nm to
100 nm.

The hygroscopic particle comprises a partial structure
represented by the following chemical formula 1 on the
surface:

S1(OX)aYb [Chemical Formula 1]

In the chemical Formula 1, a and b are each an integer
from 1 to 3, a+b 1s 4, X 1s a metal atom of the metal core,
Y 1s, independently of each other, a hydroxy group, an alkyl
group ol C1-C20, or an alkenyl group of C2-C20, and the
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alkyl group and the alkenyl group may be substituted or
unsubstituted with at least one of an acryloxy group, a

methacryloxy group, an amine group, a mercaptoacryloxy
group, a mercaptomethacryloxy group, and a glycidoxy
group, respectively.

The photocurable monomer may comprise a (meth) acry-
loyl group.

According to the other aspect, aspects may provide a
display device comprising a substrate, an organic electric
clement located on the substrate and an encapsulation part.

An encapsulation part comprises a hygroscopic particle, 1s
positioned on a peripheral portion of the substrate, and
surrounds a side surface of the organic electric element. The
hygroscopic particle comprises a rare earth metal core and a
silane surface modification part connected to the metal core

The encapsulation part further comprises a (meth) acry-
late resin.

The hygroscopic particle 1s dispersed in the (meth) acry-
late resin.

The display device further comprises a encapsulation
substrate facing the substrate, a color filter positioned on one
surface of the encapsulation substrate, and a thin film
transistor positioned on one surface of the substrate.

The display device further comprises a passivation layer
positioned to cover the upper and side portions of the
organic electric element.

A portion of the encapsulation part 1s located on the
passivation layer.

The display device further comprises a filling resin filling
a gap between the organic electric element and the encap-
sulation substrate.

According to exemplary aspects, there are provided a
curable composition and a display device, which include a
hygroscopic particle comprising a metal core and a silane
surface modification part connected to the metal core, to
provide an encapsulation part having excellent anti-moisture
and optical properties.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present disclosure will be more clearly understood from
the following detailed description, taken 1n conjunction with
the accompanying drawings, 1n which:

FIG. 1 1s a view schematically showing a hygroscopic
particle according to aspects;

FIG. 2 1s a cross-sectional view of a display device
according to the aspects;

FIG. 3 1s a view for explaining an encapsulation part of
the display device according to the aspects;

FIGS. 4 and 5 are SEM photographs of the lanthanum
hydroxide particle prepared 1n manufacturing example 1;

FIGS. 6 to 10 are F'I-IR spectra to determine whether the
surface of the lanthanum hydroxide nanoparticle has been
modified by silane coupling agents MPS and APTES;

FIGS. 11 to 13 are thermal gravimetric analysis (TGA)
results of the lanthanum hydroxide nanoparticle and the
hygroscopic nanoparticles according to the manufacturing
examples 1 and 2;

FIG. 14 1s an SEM photograph of the lanthanum hydrox-
ide nanoparticle prepared in a manufacturing example 1;

FIG. 15 1s an SEM photograph of hygroscopic nanopar-
ticle whose surface 1s modified with the MPS prepared in the
manufacturing example 2;

FIG. 16 1s an SEM photograph of the hygroscopic nan-
oparticle whose surface 1s modified with the APTES pre-
pared in the manufacturing example 2;
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FIGS. 17 to 19 are data for measuring the optical prop-
erties of the films prepared using the curable compositions
of the aspects 3 to 8 and comparative examples 1 to 4;

FIG. 20 1s a cross-sectional view of a sample prepared to
cvaluate anti-moisture properties;

FIG. 21 1s a view showing the color change of the cobalt
chloride paper encapsulated using the curable composition
of the comparative example 1;

FIGS. 22 to 24 are a view showing the color change of the
cobalt chloride paper encapsulated using the curable com-
position according to the aspects 3 to 35; and

FIGS. 25 to 27 are a view showing the color change of the
encapsulated cobalt chloride paper using the curable com-
positions according to the aspects 6 to 8.

DETAILED DESCRIPTION

In the following description of examples or aspects of the
present disclosure, reference will be made to the accompa-
nying drawings in which 1t 1s shown by way of 1llustration
specific examples or aspects that can be implemented, and 1n
which the same reference numerals and signs can be used to
designate the same or like components even when they are
shown 1n different accompanying drawings from one
another. Further, 1n the following description of examples or
aspects of the present disclosure, detailed descriptions of
well-known functions and components 1incorporated herein
will be omitted when it 1s determined that the description
may make the subject matter 1n some aspects of the present
disclosure rather unclear. The terms such as “including”,
“having”, “contaiming”, “constituting” “make up of”, and
“formed of” used herein are generally intended to allow
other components to be added unless the terms are used with
the term “only”. As used herein, singular forms are intended
to iclude plural forms unless the context clearly indicates
otherwise.

Terms, such as “first”, “second”, “A”, “B”, “(A)”, or
“(B)” may be used herein to describe elements of the present
disclosure. Fach of these terms 1s not used to define essence,
order, sequence, or number of elements etc., but 1s used
merely to distinguish the corresponding element from other
clements.

When 1t 1s mentioned that a first element “1s connected or
coupled to”, “contacts or overlaps™ etc. a second element, 1t
should be interpreted that, not only can the first element “be
directly connected or coupled to” or “directly contact or
overlap” the second element, but a third element can also be
“interposed” between the first and second elements, or the
first and second elements can “be connected or coupled to”,
“contact or overlap”, etc. each other via a fourth element.
Here, the second element may be included 1n at least one of
two or more elements that “are connected or coupled to”,
“contact or overlap”, etc. each other.

When time relative terms, such as “after,

b B Y

bR B 4 4

AR 4 4

subsequent
to,” “next,” “before,” and the like, are used to describe
processes or operations ol elements or configurations, or
flows or steps 1n operating, processing, manufacturing meth-
ods, these terms may be used to describe non-consecutive or
non-sequential processes or operations unless the term
“directly” or “immediately” 1s used together.

In addition, when any dimensions, relative sizes etc. are
mentioned, 1t should be considered that numerical values for
an elements or features, or corresponding information (e.g.,
level, range, etc.) include a tolerance or error range that may
be caused by various factors (e.g., process factors, internal
or external impact, noise, etc.) even when a relevant descrip-
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4

tion 1s not specified. Further, the term “may” fully encom-
passes all the meanings of the term “‘can”.

A curable composition according to aspects comprises a
hygroscopic particle and a photocurable monomer.

FIG. 1 1s a view schematically showing a hygroscopic
particle according to aspects.

Referring to FIG. 1, the hygroscopic particle 100 com-
prises a metal core 110 and a silane surface modification part
120.

The metal core 110 comprises a rare earth metal. When
the metal core 110 includes the rare earth metal, 1t may
mean, for example, that the metal core 110 includes the rare
carth metal atom.

The metal core 110 may comprise one or more selected
from the group consisting of lanthanum (La), Scandium
(Sc), Yttrium (Y), Cerium (Ce), Neodymium (Nd), Prome-
thium (Pm), Samarium (Sm), Gadolintum (Gd), Terbium
(Tb), Holmium (Ho), Erbium (Er), Thulium (Tm), Ytter-
bium (Yb) and ruthenium (Lu). When the metal core 110
includes the rare earth metal, the hygroscopic particle 100
have excellent hygroscopicity and may be transparent so that
the curable composition according to an aspect may form an
encapsulation part excellent 1n hygroscopicity and optical
performance.

The metal core 110 may comprise a hydroxide of the rare
carth metal. For example, the metal core 110 may comprise
a hydroxide of one or more selected from the group con-
sisting of lanthanum (La), Scandium (Sc), Yttrium (Y),
Certum (Ce), Neodymium (Nd), Promethium (Pm),
Samarium (Sm), Gadolinium (Gd), Terbium (Tb), Holmium
(Ho), Erbium (Er), Tolium (Tm), Ytterbium (Yb) and ruthe-
nium (Lu). When the metal core 110 includes the hydroxide
of the rare earth metal, the metal core 110 may have a
specific crystal structure, and the surface of the metal core
110 may be modified through a dehydration-condensation
reaction with a silane coupling agent including a silanol
functional group.

As one example, the metal core 110 may comprise lan-
thanum hydroxide (La(OH)3). When the metal core 110
includes the lanthanum hydroxide (La(OH)3), the hygro-
scopic particle 100 have excellent hygroscopicity and may
be transparent so that the curable composition according to
an aspect may form an encapsulation part excellent 1n
hygroscopicity and optical performance.

The silane surface modification part 120 1s connected to
the metal core 110. That the silane surface modification part
120 1s connected to the metal core 110 may mean, for
example, that the silane surface modification part 120 forms
a X-0O-S1 bond. At this time, the rare earth metal atom
included in the metal core 110 1s indicated by X.

For example, (a) to (c¢) of FIG. 1 schematically show
aspects 1 which the silane surface modification part 120 1s
connected to the metal core 110. (a) of FIG. 1 shows an
example 1 which the S1 element of the silane surface
modification part 120 and the rare earth metal atom X of the
metal core 110 are connected by one “—0O—" bond. (b) of
FIG. 1 shows an example in which the S1 element of the
silane surface modification part 120 and the rare earth metal
atom X of the metal core 110 are connected by two “—0—"
bonds. (¢) of FIG. 1 shows an example in which the Si
clement of the silane surface modification part 120 and the
rare earth metal atom X of the metal core 110 are connected
by three “—O—" bonds. The hygroscopic particles con-
tained 1n the curable composition may be mixed with each
of the aspects shown 1n (a) to (¢) of FIG. 1.

The silane surface modification part 120 may be formed
by dehydration condensation reaction between a silane cou-
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pling agent and the rare earth metal. For example, when the
above mentioned silane coupling agent includes a hydroxyl
group, and the metal core 110 includes the hydroxide of the
rare earth metal atom X, the silane surface modification part
120 may be formed by the dehydration condensation reac-
tion between the metal core 110 and the hydroxyl of the
silane coupling agent. The dehydration condensation reac-
tion may be performed, for example, under acidic condi-
tions. Connecting the silane coupling agent to the surface of
the metal core 110 by the dehydration condensation reaction
may be referred to as modilying the surface of the metal core
110. The metal nanoparticle may have condensation
between particles and deteriorate the intended physical
properties. However, when the surface of the metal core 110
1s modified by the silane coupling agent as described above,
the dispersibility of the metal core 110 may be improved.

The type of the silane coupling agent that may be used to
modily the surface of the metal core 110 1s not particularly
limited as long as it may improve the dispersibility of the
metal core 110. For example, the silane coupling agent 1s one
or more selected from the group consisting of 3-methacry-
loxypropyl trimethoxysilane, 3-methacryloxypropyltri-
cthoxysilane, Vinyl trimethoxysilane, Vinyl triethoxysilane,
Methacryloxymethyltrimethoxysilane, Methacryloxymeth-
yltriethoxysilane, 3-aminopropyltriethoxysilane, 3-amino-
propyltrimethoxysilane, 3-mercaptoacryloxypropyl
trimethoxysilane, 3-mercaptoacryloxypropyltriethoxysi-
lane; 3-glycidoxypropyltrimethoxysilane, 3-glycidoxypro-
pyltriethoxysilane, N-phenylaminopropyl trimethoxysilane,
N-phenylaminopropyltriethoxysilane and hexamethyldisila-
zane.

The hygroscopic particle 100 may be a nanoparticle. A
diameter of the hygroscopic particle 100 may be 1 nm to 100
nm. The lower limit of the diameter of the hygroscopic
particle 100 may be, for example, 3 nm or more or 5 nm or
more. The upper limit of the diameter of the hygroscopic
particle 100 may be, for example, 50 nm or less or 30 nm or
less. In this specification, the diameter of the hygroscopic
particle 100 may mean the diameter of the hygroscopic
particle 100 observed by a scanning electron microscope
(SEM).

When the diameter of the hygroscopic particle 100 satis-
fies the above-described range, the curable composition
according to aspects may form an encapsulation part having
excellent hygroscopicity and excellent optical performance.

The hygroscopic particle comprises a partial structure

represented by the following chemical formula 1 on the
surface.

S1(0X)aYb [Chemical Formula 1]

In the chemical Formula 1, a and b are each an integer
from 1 to 3, a+b 1s 4.

In the chemical Formula 1, X 1s a metal atom of the metal
core 100.

In the chemical Formula 1, Y 1s, independently of each
other, a hydroxy group, an alkyl group of C1-C20, or an
alkenyl group of C2-C20, and the alkyl group and the
alkenyl group may be substituted or unsubstituted with at
least one of an acryloxy group, a methacryloxy group, an
amine group, a mercaptoacryloxy group, a mercaptometh-
acryloxy group, and a glycidoxy group, respectively.

The partial structure represented by the chemical formula
1 may be a partial structure constituting the silane surface
modification part 120. Since the hygroscopic particles 100
include the partial structure represented by the chemical
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formula 1, the surface of the metal core 110 1s modified so
that the hygroscopic particles 100 may have excellent dis-
persibility.

The photocurable monomer may mean a monomer that
forms a polymer by initiating a polymerization reaction by
irradiation of light. The photo-curable monomer may mean
a monomer that may be cured with mitiation reaction by free
radicals or cations which are formed by irradiation with
active energy rays such as ultraviolet rays and electron
beams.

The photocurable monomer may be a monomer having a
functional group capable of initiating a polymerization reac-
tion by 1rradiation of light and being cured. The photocur-
able monomer may be, for example, a monomer that may be
cured by ultraviolet light having a wavelength of 300 nm to
500 nm.

For example, the photocurable monomer may comprise a
functional group including an ethylene-like unsaturated
double bond such as acryloyl group, methacryloyl group,
acryloyloxy group or methacryloyloxy group, or functional
group such as epoxy group or oxetane group. In one exem-
plary example, the photocurable monomer may comprise a
(meth) acryloyl group. The (meth) acryloyl group may be
referred as one of acryloyl group, methacryloyl group and
their combination.

The photocurable monomer may satisty chemical formula
2 as follows.

|Chemical formula 2 |

In chemical formula 2, R1 1s hydrogen or an alkyl group
of C1-C4, n 1s an integer of 2 or higher, and X may be a
linear, branched or cyclic alkyl or alkenyl group or mixed
with their combination.

For example, X may be the alkyl group of C3-C30, the

alkyl group of C4-C28, the alkyl group of C6-C28, the alkyl
group of C8-C22 or the alkyl group of C12-C20. Also, X
may be the alkenyl group of C3-C30, the alkenyl group of
C4-C28, the alkenyl group of C6-C28, the alkenyl group of
C8-C22 or the alkenyl group of C12-C20.

The above-mentioned photocurable monomer may be, for
example, one or more selected from the group consisting of
methyl (meth) acrylate, ethyl (meth) acrylate, butyl (meth)
acrylate, trimethylolpropane tri (imeth) acrylate, 2-hydroxy-
cthyl (meth) Acrylate, 2-hydroxypropyl (meth) acrylate,
pentaerythritol tr1 (imeth) acrylate, ethylene glycol di (meth)
acrylate and 2-ethylhexyl (meth) acrylate.

In the curable composition of one example, the hygro-
scopic particle may be included at 0.1 to 5 parts by weight,
and the photocurable monomer may be included at 90 to
99.9 parts by weight. In the curable composition of the other
example, the hygroscopic particle may be included at 0.1 to
3 parts by weight, and the photocurable monomer may be
included at 90 to 99.9 parts by weight. In the curable
composition of another example, the hygroscopic particle
may be included at 0.1 to 2 parts by weight, and the
photocurable monomer may be included at 90 to 99.9 parts
by weight. When the curable composition includes the
hygroscopic particles and the photocurable monomer 1n the
above-described weight ratio, the curable composition pro-
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vide an encapsulation part which 1s transparent, has a low
haze, and 1s excellent 1n hygroscopicity.

In an aspect, the photocurable composition may include
an 1nitiator. The above-described imitiator may be, for
example, a photopolymerization initiator. As the photopo-
lymerization initiator, for example, a cationic photopolymer-
ization initiator can be used.

As the cationic photopolymerization mnitiator, an onium
salt- or organometallic salt-based 10nized cationic initiator,
or an organic silane- or latent sulfonic acid-based non-
ionized cationic photopolymerization initiator may be used.
The oni1um salt-based nitiator may be a diaryliodonium sallt,
a triarylsulfonium salt or an aryldiazomium salt, the orga-
nometallic salt-based initiator may be 1ron arene, the organic
silane-based 1nitiator may be o-nitrobenzyl triaryl silyl ether,
triaryl silyl peroxide or acyl silane, and the latent sulfonic
acid-based 1nitiator may be a-sulfonyloxy ketone or o-hy-
droxymethylbenzoin sulfonate, but the present application 1s
not limited.

The above-described nitiator may be, for example, a
radical initiator. For example, a benzoin-based, hydroxy
ketone-based, amino ketone-based or phosphine oxide-
based photoinitiator may be used, and specifically, benzoin,
benzoin methylether, benzoin ethylether, benzoin 1sopropy-
lether, benzoin n-butylether, benzoin 1sobutylether, aceto-
phenone, dimethylamino acetophenone, 2,2-dimethoxy-2-
phenylacetophenone, 2,2-diethoxy-2-phenylacetophenone,
2-hydroxy-2-methyl-l1-phenylpropane-l-one, 1-hydroxycy-
clohexyl phenyl ketone, 2-methyl-1-[4-(methylthio)phe-
nyl]-2-morpholino-propane-1-one, 4-(2-hydroxyethoxy)
phenyl-2-(hydroxy-2-propyl)ketone, benzophenone,
p-phenyl benzophenone, 4,4'-diethylaminobenzophenone,
dichlorobenzophenone, 2-methylanthraquinone, 2-ethyl
anthraquinone, 2-t-butylanthraquinone, 2-aminoanthraqui-
none, 2-methylthioxanthone, 2-ethylthioxanthone, 2-chloro-
thioxanthone, 2.,4-dimethylthioxanthone, 2.,4-diethylthi-
oxanthone, benzyldimethylketal, acetophenone
dimethylketal, p-dimethylamino benzoic acid ester, oligo
| 2-hydroxy-2-methyl-1-[4-(1-methylvinyl)phenyl]pro-
panone| or 2,4,6-trimethylbenzoyl-diphenyl-phosphineox-
ide may be used.

A content of the imitiator 1n the curable composition may
be changed by the type and content ratio of a polymerizable
functional group included in the curable composition, or a
crosslinking density of the polymer formed of the curable
composition. For example, the initiator may be included 1n
the curable composition at 0.1 to 10 parts by weight with
respect to 100 parts by weight of the photocurable mono-
mers.

The other aspects may provide a display device including
the above mentioned the curable composition.

FIG. 2 1s a cross-sectional view of a display device
according to the aspects.

Referring to FIG. 2, the display device 200 according to
the aspects includes a substrate 210, an organic electric
clement 220 and an encapsulation part 230.

The type of the substrate 210 1s not particularly limited as
long as the organic electric element 220 and the thin film
transistor for driving the organic electric element 220 can be
formed. For example, the substrate 210 may be a plastic
substrate or a glass substrate. In addition, the thin film
transistor driving the organic electrical element 220 may be
positioned on one surface of the substrate 210.

The organic electric element 220 may be located on the
substrate 210. For example, the organic electric element 220
may be located on the thin film transistor (not shown) on one
surface of the substrate 210.
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The organic electric element 220 may be, for example, an
organic light emitting diode (OLED). The organic light
emitting diode may include a first electrode, an organic
layer, and a second electrode sequentially stacked. For
example, the first electrode may be an anode electrode, and
the second electrode may be a cathode electrode.

The organic electric element 220 may be located 1n an
active area (A/A) of the display device to transmit visual
information. A non-active area (N/A) may be located in the
peripheral portion of the display device. Electric lines for
driving the organic electrical element 220 may be located 1n
the non-active area.

The encapsulation part 230 comprises a hygroscopic
particle. The hygroscopic particle comprises a rare earth
metal core and a silane surface modification part connected
to the metal core. The hygroscopic particle of the display
device 200 according to the aspects 1s substantially the same
as the matters regarding the hygroscopic particle contained
in the curable composition according to the above-described
aspects, unless otherwise described with respect to the
display device according to the aspects.

The encapsulation part 230 1s positioned on the peripheral
portion of the substrate 210, and surrounds a side surface of
the organic electric element 220. Since the organic electric
clement 220 emits light so that the display device 200 may
transmit the visual information, 1t can be located 1n the
active area (A/A) of the display device. The encapsulation
part 230 may be positioned on the peripheral portion of the
substrate 210 to surround the organic electric element 220 1n
the central portion of the substrate 210. Therefore, the
encapsulation part 230 may prevent the outside material
such as oxygen or moisture from entering the organic
clectric element 220 positioned at the center of the substrate
210 from the outside of the display device 200.

The above-described display device 200 may further
include an encapsulation substrate 240 facing the substrate
210. An encapsulation layer for encapsulating the organic
clectric element 220 may be located on one surface of the
encapsulation substrate 240. In addition, a color filter (not
shown) 1s located on one surface of the encapsulation
substrate 240 to convert the wavelength of light emitted
from the organic electric device 220.

The type of the encapsulation substrate 240 1s not par-
ticularly limited, and for example, a plastic substrate, a glass
substrate, or a metal thin {ilm substrate may be used.

The display device 200 may further include a passivation
layer 250. The passivation layer 250 1s not particularly
limited as long as 1t can protect the organic electric element
220 and the thin film transistors located under the organic
clectrical element 220, but may be, for example, an 1nor-
ganic layer.

The passivation layer 250 may be positioned to cover the
upper and side portions of the organic electric element 220.
For example, the passivation layer 250 may be formed by
plasma enhanced chemical vapor deposition (PECVD).
When the passivation layer 250 1s formed by the PECVD,
the passivation layer 250 may be formed along the surfaces
ol the upper and side portions of the organic electric element
220. Since the passivation layer 250 1s positioned to cover
the upper and side portions of the organic electrical element
220, the moisture and the oxygen penetrating the organic
clectrical element 220 can be eflectively prevented.

A portion of the encapsulation part 230 may be located on
the passivation layer 250 described above. As illustrated in
FIG. 2, a portion of the passivation layer 250 may be located
under the encapsulation part 230, and a portion of the
encapsulation part 230 may be located on the passivation
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layer 250. After the organic electric element 220 1s formed
on the substrate 210, the passivation layer 250 1s formed to
cover the upper and side portions of the organic electric
clement 220, and then the encapsulation part 230 1s formed
so that the above-described structure of the display device
200 may be implemented.

When a portion of the encapsulation part 230 1s positioned
on the passivation layer 250, the bezel of the display device
200 can be minmimized so that the aesthetics of the display
device 200 1s improved.

The encapsulation part 230 may further include an opti-
cally transparent base resin. Since the encapsulation part 230
includes transparent hygroscopic particles and an optically
transparent base resin, it may be transparent while having
excellent hygroscopicity.

The hygroscopic particle may be dispersed in the base
resin. Since the hygroscopic particle have excellent dispers-
ibility, imncluding the silane surface-modification portion, as
described above, they can be easily dispersed in the base
resin to prevent the encapsulation part 230 from discoloring.

The base resin may be, for example, a (meth) acrylate
resin. The (meth) acrylate resin may mean a resin formed by
polymerization of monomers containing a (meth) acryloyl
group.

The (meth) acrylate resin that can be used as the base resin
may be, for example, one or more selected from the group
consisting of poly [methyl (meth) acrylate], poly [ethyl
(meth) acrylate], poly [butyl (meth) acrylate], poly [Trim-
cthylolpropane tr1 (meth) acrylate], poly [2-hydroxyethyl
(meth) acrylate], poly [2-hydroxypropyl (meth) acrylate],
pentaerythritol tr1 (meth) acrylate, ethylene glycol di (meth)
acrylate and 2-ethylhexyl (meth) acrylate.

The display device further comprises a filling resin 260.
The filling resin 260 may {ill a gap between the organic
clectric element 220 and the encapsulation substrate 240.

The display device 200 according to the aspects may be
a display device 1n which the organic electrical element 220
1s encapsulated 1n a dam & fill method. The encapsulation
part 230 1s located 1n the non-display area (N/A) of the
display device 200 as the dam structure, and surrounds the
side portion of the organic electrical device 220, and the
filling resin 260 tunction as the fill structure filling the gap
between the organic electrical device 220 and the encapsu-
lation substrate 240.

Since the filling resin 260 {ills the gap between the organic
clectrical element 220 and the encapsulation substrate 240
over the display area (A/A) of the display device 200, the
type of the filling resin 260 1s not particularly limited as long,
as 1t 1s excellent 1n transparency. For example, the filling
resin 260 may use (meth) acrylate resin or epoxy resin.

FIG. 3 1s a view for explaining an encapsulation part of
the display device according to the aspects.

Referring to FIG. 3, the encapsulation part 230 may
include the (meth) acrylate resin 130, and the hygroscopic
particles 100 may be dispersed 1n the (meth) acrylate resin
130. The hygroscopic particle 100 may be relatively uni-
tformly dispersed in the (meth) acrylate resin 130 by 1nclud-
ing the silane surtace modification part 120 connected to the
metal core 110.

Since the hygroscopic particle 100 1s relatively uniformly
dispersed in the encapsulation part 230, the encapsulation
part 230 may have excellent optical properties. The encap-
sulation part 230 may have a haze of 10% or less when
evaluated according to ASTM D1003 using a Haze Meter
HM-1350. The upper limit of the aforementioned haze range
may be, for example, 9% or less, 7% or less, or 6% or less.
The lower limit of the haze range described above 1s not
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particularly limited since the lower the haze value 1s, the
better the optical properties are, but may be, for example,
0.1% or more, 0.2% or more, or 0.3% or more.

Since the hygroscopic particle 100 are relatively uni-
formly dispersed 1n the encapsulation part 230, the encap-
sulation part 230 may have excellent transmittance. The
encapsulation part 230, for example, may have a transmiut-
tance of 85% or more for light having a wavelength of 450
nm. The lower limit of the aforementioned transmittance
range may be, for example, 87% or more or 88% or more.
The upper limit of the above-described transmittance range
1s not particularly limited because the higher the transmit-
tance value 1s, the better the optical properties, but may be,
for example, 99.9% or less or 99% or less.

Hereinaftter, the hygroscopic particle 100 and the display
device 200 according to the aspects will be described 1n
more detail by the following examples, but the scope of the
present disclosure 1s not limited thereof.

MANUFACTURING EXAMPLE 1

Preparation of Lanthanum Hydroxide (La(OH)3)
Nanoparticle

Precursor mixture 1s prepared by stirring 0.14 g of La
(NO3)3.6H20 (Fluka, 99%) as a precursor and 0.29 g of
citric acid represented by Chemical Formula 3 1 20 mL of
distilled water.

|Chemical formula 3|

HO OH

OH
Citric acid

1 g of potasstum hydroxide (KOH) 1s dissolved 1n 10 mL
of ethanol, and then added to the precursor mixture to
prepare a mixed solution. The prepared mixed solution 1s
stirred at room temperature for 1 hour (600 rpm/1 h). The
stirred mixed solution 1s transferred to a Teflon liner con-
tainer and then reacted 1n a microwave (180° C./1 h). After
the reaction, the resulting precipitate 1s centrifuged and
purified at 5,000 rpm/10 min twice with ethanol and sec-
ondary distilled water, respectively, and then dried at 80° C.
for 6 hours.

According to the above manufacturing example, the fol-
lowing reaction proceeds to produce the lanthanum hydrox-
ide (La(OH)3).

1.a(NO3)3.6H20+3KOH—La(OH)3+3KNO3+6H20

La203+3H20—2La(OH)3

FIGS. 4 and 5 are SEM photographs of the lanthanum
hydroxide particle prepared in the above manufacturing
example 1. Referring to FIGS. 4 and 3, it can be seen that
the diameter of the lanthanum hydroxide (La(OH)3) nan-
oparticle prepared 1n manufacturing example 1 1s about 10

to 20 nm.

MANUFACTURING EXAMPLE 2

Surface Modification of the Lanthanum Hydroxide
(La(OH),) Nanoparticle

Ethanol and distilled water are added to prepare a 25 mL
mixed solution. 0.1 mL of acetic acid 1s added to the mixed
solution to adjust the pH to 3.3.
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Prior to the mixed solution, 0.12 g of lanthanum hydrox-
ide nanoparticle prepared 1n the manufacturing example 1
and 0.24 g of a silane coupling agent are added and stirred
for 3 hours to prepare the hygroscopic particle. As the silane
coupling agent, 3-(trimethoxysilyl) propyl methacrylate
(MPS) 1s used 1in aspect 1, and 3-aminopropyltriethoxysilane
(APTES) 1s used 1n aspect 2.

FIGS. 6 to 10 are FI-IR spectra to determine whether the
surface of the lanthanum hydroxide nanoparticle has been
modified by silane coupling agents MPS and APTES.

FIG. 6 1s a F'I-IR spectrum of the lanthanum hydroxide
(La(OH)3) nanoparticle prepared in the manufacturing
example 1.

FIG. 7 1s a FI-IR spectrum of MPS as the silane coupling
agent used 1n the manufacturing example 2.

FIG. 8 1s a FI-IR spectrum of the hygroscopic particle
whose surface 1s modified with the MPS, prepared in the
manufacturing example 2.

FIG. 9 1s a F'I-IR spectrum results of APTES as the silane
coupling agent used 1n the manufacturing example 2.

FIG. 10 1s a FT-IR spectrum of the hygroscopic particle
whose surface 1s modified with the APTES prepared in the

manufacturing example 2.

Referring to FIGS. 6 to 8, a peak at 1720 cm-1 1s
observed 1n FIG. 8, which i1s a peak not observed 1n FIG. 6.
Referring to FIG. 7, since the peak refers to the C—0O bond
included 1in the MPS, it can be seen that there 1s formed the
hygroscopic particle including the silane surface modifica-
tion part containing the C—0O bond dernived from the MPS
by the process of the manufacturing example 2.

Referring to FIGS. 6, 9 and 10, a peak at 2932 cm-—1 1s
observed in FIG. 10, which 1s a peak not observed 1n FIG.
6. Referring to FIG. 9, since this peak represents a C—H
bond included 1n the APTES, i1t can be seen that there 1s
formed the hygroscopic particles including a silane surface
modification part including a C—H bond derived from the
APTES by the process of manufacturing example 2.

EXPERIMENTAL EXAMPLE 1

Dispersion of the Hygroscopic Particle in Resin
and Evaluation of Optical Properties of a Resin
Thin Film Including the Hygroscopic Particle

0.05 g of the hygroscopic nanoparticle of the aspect 1,
495 g of a (meth) acrylate monomer, and an ultraviolet
curing 1nitiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 3).

0.10 g of the hygroscopic nanoparticle of the aspect 1,
4.90 g of a (meth) acrylate monomer and an ultraviolet
curing 1nitiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 4).

0.25 g of the hygroscopic nanoparticles of the aspect 1,
475 g of a (meth) acrylate monomer and an ultraviolet
curing 1nitiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 5).

0.05 g of the hygroscopic nanoparticle of the aspect 2,
495 g of a (meth) acrylate monomer, and an ultraviolet
curing 1nitiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 6).

0.10 g of the hygroscopic nanoparticle of the aspect 2,
4.90 g of a (meth) acrylate monomer, and an ultraviolet
curing 1nitiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 7).

0.25 g of the hygroscopic nanoparticle of the aspect 2,
475 g of a (meth) acrylate monomer and an ultraviolet
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curing initiator were mixed at 1% by weight, followed by
stirring to prepare the curable composition (aspect 8).

5.00 g of a (meth) acrylate monomer and a curing nitiator
were mixed at 1% by weight, followed by stirring to prepare
the curable composition (comparative example 1).

0.05 g of the lanthanum hydroxide nanoparticle of the
manufacturing example 1, 4.95 g of (meth) acrylate mono-
mer and an ultraviolet curing mmitiator at 1% by weight,
followed by stirring to prepare the curable composition
(comparative example 2).

0.10 g of lanthanum hydroxide nanoparticle of the manu-
facturing example 1, 4.90 g of (imeth) acrylate monomer and
an ultraviolet curing itiator were mixed at 1% by weight,
followed by stirring to prepare a curable composition (com-
parative example 3).

0.25 g of lanthanum hydroxide nanoparticle of the manu-
facturing example 1, 4.75 g of (imeth) acrylate monomer and
an ultraviolet curing mitiator were mixed at 1% by weight,
followed by stirring to prepare a curable composition (com-

parative example 4).

FIGS. 11 to 13 are thermal gravimetric analysis (TGA)
results of the lanthanum hydroxide nanoparticle and the
hygroscopic nanoparticles according to the manufacturing
examples 1 and 2.

FIG. 11 1s the TGA result of the lanthanum hydroxide
nanoparticle prepared 1n the manufacturing example 1, FIG.
12 1s the TGA result of the hygroscopic particles whose
surface 1s modified with the MPS prepared in the manufac-
turing example 2, and FIG. 13 1s the TGA result of the
hygroscopic particles whose surface 1s modified with the
APTES prepared in the manufacturing example 2.

Referring FIGS. 11 to 13, it can be seen that when the
mass change due to the temperature increase after the
surface modification reaction 1s compared with that before
the surface modification reaction at 700° C., the difference
of those according to the surface modification reaction by
the MPS and APTES are 6% (see FIG. 10) and 5.5% (see
FIG. 11), respectively. This difference may be due to the
mass ol the reactors bound to the surface of the lanthanum
hydroxide nanoparticle as a result of surface modification of
the lanthanum hydroxide nanoparticles prepared in the
manufacturing example 1 according to the manufacturing
example 2.

FIG. 14 1s an SEM photograph of the lanthanum hydrox-
ide nanoparticle prepared in a manufacturing example 1.

FIG. 15 1s an SEM photograph of hygroscopic nanopar-
ticle whose surface 1s modified with the MPS prepared in the
manufacturing example 2.

FIG. 16 1s an SEM photograph of the hygroscopic nan-
oparticle whose surface 1s modified with the APTES pre-
pared in the manufacturing example 2.

Referring to FIGS. 14 and 135, it can be seen that the
morphology change of the nanoparticle did not occur even
though the surface modification was performed under acidic
conditions of pH 3.5. Referring to FIGS. 14 and 16, 1t can
be seen that the morphology change of the nanoparticles did
not occur even though the surface modification was per-
formed under acidic conditions of pH 3.5. Therefore, 1t can
be expected that properties such as the quantum confinement
cllect of the lanthanum hydroxide nanoparticles due to the
surtace modification will be maintained even in the surface-
modified hygroscopic nanoparticles.

FIGS. 17 to 19 are data for measuring the optical prop-
erties of the films prepared using the curable compositions
of the aspects 3 to 8 and comparative examples 1 to 4.

The film measuring optical properties in FIGS. 17 to 19
1s formed to a thickness of 10 um atter the curable compo-
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sitions of aspects 3 to 8 and comparative examples 1 to 4 are
coated through bar-coating, and then cured with a UV lamp.

Referring to FIG. 17, 1t can be seen that the comparative
example 1 1 which lanthanum hydroxide was not included
has the highest permeability, and its permeability decreases
as the content of lanthanum hydroxide increases.

Referring to FIG. 18, it can be seen that the comparative
example 1 1 which the hygroscopic particles was not
included has the highest permeability, and 1ts permeability
decreases as the content of the hygroscopic particle whose
surface 1s modified with the MPS 1increases.

Referring to FIG. 19, 1t can be seen that the comparative
example 1 in which the hygroscopic particles was not
included has the highest permeability, and its permeability
decreases as the content of the hygroscopic particle whose
surface 1s modified with the APTES increases.

The results of FIGS. 17 to 19 are shown 1n Table 1 below.

TABLE 1
Content of
Hygroscopic Transmittance
Hygroscopic Particle (%) Haze
Particle (Wt %) (at 450 nm) (%)
Aspect 3 MPS-La(OH), 1 98.41 1.8
Aspect 4 MPS-La(OH); 2 92.46 4.7
Aspect 5 MPS-La(OH); 3 68.06 21.8
Aspect 6 APTES-La(OH), 1 95.79 3.0
Aspect 7 APTES-La(OH), 2 90.58 6.0
Aspect 8 APTES-La(OH), 3 80.73 12.1
Comparative — 0 99.14 0.6
example 1
Comparative La(OH), 1 92.11 5.4
example 2
Comparative La(OH), 2 88.19 5.6
example 3
Comparative La(OH), 3 82.59 13.5
example 4

Although the comparative example 1 1s measured to the
highest permeability, 1t does not include the hygroscopic
particle, and thus the anti-moisture characteristics are very
poor as a result of anti-moisture characteristics tests as
described below. On the other hand, it can be seen that the
aspects 3 to 8 include the hygroscopic particle so that they
may has more excellent hygroscopicity, and better light
transmittance and haze characteristics than the comparative
examples 2 to 4.

EXPERIMENTAL EXAMPLE 2

Evaluation of Anti-Moisture Characteristics of
Resin Including Nanoparticles

A cobalt chloride paper for measuring the moisture per-
meation was dried at 100° C. for one hour and then placed
on a glass substrate.

FIG. 20 1s a cross-sectional view of a sample prepared to
cvaluate anti-moisture properties.

Referring to FIG. 20, the curable compositions of the
aspects 3 to 8 and the comparative example 1 was coated to
a glass cell having a gap of 2 mm so as to seal the cobalt
chloride paper.

After curing the portion to which the curable composition
was coated using an ultraviolet lamp (300 mW/cm3) for 1
minute, the sample shown i FIG. 20 was placed on a
thermo-hygrostat having 85° C. and 85% relative humidity.

FIG. 21 1s a view showing the color change of the cobalt
chloride paper encapsulated using the curable composition
of the comparative example 1.
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FIGS. 22 to 24 are a view showing the color change of the
cobalt chloride paper encapsulated using the curable com-
position according to the aspects 3 to 3.

Referring to FIGS. 21 to 24, 1t can be seen that the color
of the cobalt chloride paper encapsulated using the curable
composition ol the comparative example 1, which does not
include the hygroscopic particle, 1s changed after 24 hours
(24 h) 1n FIG. 21, but the color of the cobalt chloride paper
encapsulated using the curable composition of the aspects 3
to 5, which includes the lanthanum hydroxide nanoparticles
whose surface 1s modified with the MPS, 1s discolored after
as little as 48 hours and as long as 120 hours. Therefore, 1t
can be seen that the curable composition comprising the
hygroscopic nanoparticle whose surface 1s modified with the
MPS provides an encapsulation portion having more excel-
lent anti-moisture performance.

FIGS. 25 to 27 are a view showing the color change of the
encapsulated cobalt chloride paper using the curable com-
positions according to the aspects 6 to 8.

Referring to FIGS. 21 and 25 to 27, it can be seen that the
color of the cobalt chloride paper encapsulated using the
curable composition of the comparative example 1, which
does not include the hygroscopic particle, 1s changed after
24 hours (24 h) in FIG. 21, but the color of the cobalt
chloride paper encapsulated using the curable composition
of the aspects 6 to 8, which includes the lanthanum hydrox-
ide nanoparticles whose surface 1s modified with the
APTES, 1s discolored after as little as 48 hours and as long
as 144 hours. Therefore, 1t can be seen that the curable
composition comprising the hygroscopic nanoparticle
whose surface 1s modified with the APTES provides an
encapsulation portion having more excellent anti-moisture
performance.

The above description has been presented to enable any
person skilled 1n the art to make and use the technical idea
of the present disclosure, and has been provided in the
context of a particular application and its requirements.
Various modifications, additions and substitutions to the
described aspects will be readily apparent to those skilled 1n
the art, and the general principles defined herein may be
applied to other aspects and applications without departing
from the spirit and scope of the present disclosure. The
above description and the accompanying drawings provide
an example of the technical 1dea of the present disclosure for
illustrative purposes only. That 1s, the disclosed aspects are
intended to illustrate the scope of the technical 1dea of the
present disclosure. Thus, the scope of the present disclosure
1s not limited to the aspects shown, but is to be accorded the
widest scope consistent with the claims. The scope of
protection of the present disclosure should be construed
based on the following claims, and all technical ideas within
the scope of equivalents thereof should be construed as
being included within the scope of the present disclosure.

What 1s claimed 1s:

1. A curable composition comprising;:

A hygroscopic particle comprising a metal core compris-
ing a rare earth metal and a silane surface modification
part connected to the metal core; and

a photocurable monomer,

wherein the metal core comprises a hydroxide of the rare
carth metal.

2. The curable composition according to claim 1, wherein
the metal core comprises one or more of lanthanum (La);
Scandium (Sc); Yttrium (Y); Certum (Ce); Neodymium
(Nd); Promethium (Pm); Samarium (Sm); Gadolinium (Gd);
Terbium (Tb); Holmium (Ho); Erbium (Er); Tolium (Tm);
Ytterbium (Yb); and ruthenium (Lu).
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3. The curable composition according to claim 1, wherein
the silane surface modification part 1s formed by dehydration
condensation reaction between a silane coupling agent and
the rare earth metal.

4. The curable composition according to claim 3, wherein
the silane coupling agent 1s one or more of 3-methacryloxy-
propyl trimethoxysilane; 3-methacryloxypropyltriethoxysi-
lane; Vinyl trimethoxysilane; Vinyl triethoxysilane;

Methacryloxymethyltrimethoxysilane; Methacryloxym-

cthyltriethoxysilane;  3-aminopropyltriethoxysilane;
3-aminopropyltrimethoxysilane; 3-mercaptoacryloxy-
propyl trimethoxysilane; 3-mercaptoacryloxypropyltri-
cthoxysilane; 3-glycidoxypropyltrimethoxysilane;
3-glycidoxypropyltriethoxysilane; N-phenyl amino-
propyl trimethoxysilane; N -phenylaminopropyltri-
cthoxysilane; and hexamethyldisilazane.

5. The curable composition according to claim 1, wherein
a diameter of the hygroscopic particles 1s 1 nm to 100 nm.

6. The curable composition according to claim 1, wherein
the hygroscopic particle comprises a partial structure repre-

sented by the following chemical formula 1 on the surface:

S1(OX)aYb [Chemical Formula 1]

in the chemical Formula 1,

a and b are each an integer from 1 to 3, a+b 1s 4,

X 1s a metal atom of the metal core,

Y 1s, independently of each other, a hydroxy group, an
alkyl group of C1-C20, or an alkenyl group of C2-C20,
and

wherein the alkyl group and the alkenyl group 1s substi-
tuted or unsubstituted with at least one of an acryloxy
group, a methacryloxy group, an amine group, a mer-
captoacryloxy group, a mercaptomethacryloxy group,
and a glycidoxy group, respectively.

7. The curable composition according to claim 1, wherein
the photocurable monomer comprises a (meth) acryloyl
group.

8. The curable composition according to claim 1, wherein
the hygroscopic particle includes 0.1 to 5 parts by weight,
and the photocurable monomer includes 90 to 99.9 parts by
weight.
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9. The curable composition according to claim 1, turther
comprising an initiator.

10. A display device comprising:

a substrate;

an organic electric element located on the substrate; and

an encapsulation part comprising a hygroscopic particle

comprising a rare earth metal core and a silane surface
modification part connected to the metal core and
positioned on a peripheral portion of the substrate and
surrounding a side surface of the organic electric ele-
ment wherein the metal core comprises a hydroxide of
the rare earth metal.

11. The display device according to claim 10, wherein the
encapsulation part further comprises a (imeth) acrylate resin,
and

wherein the hygroscopic particle 1s dispersed in the

(meth) acrylate resin.

12. The display device according to claim 11, wherein the
encapsulation part includes a haze of 10% or less.

13. The display device according to claim 11, wherein the
encapsulation part has a transmittance of 85% or higher for

light with a wavelength of 450 nm.

14. The display device according to claim 11, further
comprising;

an encapsulation substrate facing the substrate,

a color filter positioned on one surface of the encapsula-

tion substrate, and
a thin film transistor positioned on one surface of the

substrate.
15. The display device according to claim 14, further

comprising a passivation layer positioned to cover the upper
and side portions of the organic electric element,
wherein a portion of the encapsulation part 1s located on

the passivation layer.
16. The display device according to claim 14, further

comprising a filling resin filling a gap between the organic
clectric element and the encapsulation substrate.
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